Automated Test Assembly (ATA) plays important role in test development, especially in large scale test administrations. However, there is a lack of tutorials showing how to solve ATA problems. This tutorial aims to show to how build on-demand test forms easily for researchers and practitioners, and share the R codes for their use. The study presents the annotated R codes for thirty-nine unique examples. The examples include building one form, multiple forms and more complex ones under different constraint conditions across equal or different form lengths. All examples were solved by using "xxIRT" R package. The graphical depictions of the form-level information functions for all examples were also provided. Some important notes about the codes were also provided at the end of the paper in case one did not find a solution. The thirty-six examples were provided in the main body of the paper, the other three complex examples were given in the Supplementary material.
INTRODUCTION
The ultimate goal of any test in the educational and psychological measurement is to estimate student's cognitive ability more accurately or precisely. However, it is quite difficult to reach this goal without a good measurement tool. This implies that the instrument or test form has to carry some certain psychometric characteristics to cover the construct of interest (e.g., math ability). It highlights the importance of the building the test forms that meet the desired features.
The topic of constructing the desired test forms is one of the most popular topics of all time. This is because regardless of the test administration type (fixed linear test, linear on the fly test, computerized multistage test or shadow test); for test security purposes, any test developer wants to build test forms that meet some certain requirements purposes, especially in large scale tests. Depending on the test administration type (e.g., linear or adaptive testing), one may want to build a single test form, two or more parallel forms that are at the same difficulty levels or multiple forms that are at the different difficulty levels. However, it is not very easy to ensure that the forms meet with both statistical (e.g., difficulty level) and non-statistical (e.g., content balancing and word count) specifications, especially when one wants to create many forms. Thus, instead of manually assembling forms, it is always better to use software to satisfy all constraints (e.g., test length, content balancing, difficulty level, word count etc.). This will help one to keep test form quality at the desired level.
Automated Test Assembly (ATA) is an integer programming approach used to solve equations that have complex constraints. In psychometrics, ATA is used to build test forms, and constraints refer to the desired test specifications. For instance, content balancing or distribution, difficulty level of form, number of test items in the form and total word count of items in a form can be thought as the constraint.
There are several integer programming software that are used to build test forms automatically. The most widely used ones are ILOG CPLEX ((International Business Machines-IBM, 2006) , LINGO 12.0 (LINDO), CASTISEL (Luecht, 1998) , LPSolve IDE (Berkelaar, Eikland, & Notebaert, 2004) , the Premium Solver Platform 7.0 add-in for Microsoft Excel, and R packages "IpSolve" (Berkelaar et al., 2015) and "lpSolveAPI" (Konis, 2016) . One can refer to Donoghue (2015) for a long list and detailed description.
METHOD
Item Response Theory (IRT) is integral part of ATA because IRT is used to determine the difficulty level of a form and to shape form level information function (e.g., test information function). Item parameter estimates such as difficulty, discrimination and pseudo-guessing are first computed or generated; then the best items that meet certain criteria are selected for a test form. When selecting the best items, item information function is used. This is vital because item information function allows us to see where on the theta scale an item provides the highest information or for whom an item is the best. The information function for item i (Ii(θ)) under the three parameter IRT model (Birnbaum, 1968) for an item is defined as
where a, b and c are the discrimination, difficulty and pseudo-guessing parameters for item i, P(θ) and Q(θ) are the probability of getting an item correct and incorrect for a person having θ as the ability score, respectively.
As shown in Luecht (1998) , the test assembly finds a solution to maximize the Item Response Theory information function at a fixed theta point (i.e., Equation 1). Let denote θ0 is the fixed theta point (or theta interval), and suppose we want a total of 20-item in the test. We first define a binary decision variable, xi, (e.g., xi = 0 means item i is not selected from the item bank, xi = 1 means item i is selected from the item bank). The information function needs to be maximized;
where ξ represents the item parameters of item i (e.g., a, b, c parameters). Let's say one has two content areas (e.g., items measuring number properties and items measuring algebra denoted as C1 and C2, respectively), and wants to select ten items from each content area. The automated test assembly is modeled to maximize 
x i ∈(0,1), i=1,…N (7) which put constraints on C1, C2, the total test length, and the range of decision variables, respectively. When the content balancing is not controlled, the constraints on the contents (Equations 4 and 5) can be removed from the model. When one wants to control other variables, he or she can add the additional constraints to the model.
It is important to note that the information function in Equation 1 can be maximized at a desired theta point (e.g., -1, 0 and 1 for easy, medium and hard test forms, respectively). Moreover, it can be maximized over a range of theta interval (e.g., -1 to 0 for an easy test form, and 0 to 1 for a hard test form). It is also possible to demand a user defined absolute amount of information either at a fixed theta point or over a range of theta interval (e.g., the amount of information is 8 at the theta point of 0 or at the interval of -1 to 1).
xxIRT PACKAGE
In this tutorial, I used "xxIRT" R package version 2.1.0 (Luo, 2018) to solve all given examples. The "xxIRT" R package is a recently released package, and uses "lpSolveAPI" package as the integer solver. The version of the package on CRAN has been recently updated. There are some core functions needed to be used when specifying and solving ATA problems. The most important function is ata which is used to create ATA problems. One needs to specify the information about item pool (either simulated or real), the number of test forms needs to be created, the length of form (e.g., 5 items), and maximum use of an item in the pool. The other two core functions are ata_obj_relative and ata_obj_absolute. The first is used when one wants to maximize the information at a fixed theta point or over a range of theta interval. When the theta interval is desired, the increments of theta points in the user defined theta interval can be specified. The latter is used when one wants to have an absolute amount of information for a test form. Similarly, when the target is to gather absolute information over a range of interval, the increment points can be specified by the user. The increment points are important because they may dramatically change the shape of test information function.
As discussed before, constraints are important elements of an ATA problem. The ata_constraint function adds the constraints to the ATA model. One can specify the number of items from each content area or total word count for a test form. Finally, ata_solve function solves the specified ATA problem. It is also possible to see the selected items and plot test information functions. One can refer to "xxIRT" package for more information about the codes and main functions. The annotated R codes different examples were given below.
The "xxIRT" package was primarily created to solve ATA problems for multistage testing (e.g., designing panels) so, there is no extended illustration of how to create simple or complex and single or multiple test forms. The current manual shows four simple examples but this provides shows many complex examples by using the same main functions.
Annonated Examples
I used a simulated item pool that consists of 1000 items and generated three hypothetical constraints as content area (e.g., algebra, numbers, equations), word count of each item (e.g., ranging from 30 to 150 for each item) and time required to solve the item (e.g., ranging from 100 seconds to 400 seconds for each item). I presented 12 ATA problems and for each problem, I showed how to solve the ATA by a) maximizing information function at a fixed theta point, b) maximizing information over a theta interval, and c) getting absolute amount of information for a form. For all 36 examples listed below, I always used the same simulated item pool. The number of items, distribution of item parameters, and hypothetical constraints are subject to change. "max") Problem1a <-ata_solve(Problem1a, as.list=T) #Now we are ready to solve # the ATA plot(Problem1a) #plotting information function #End #Problem1b: Maximize the information at the theta interval of -1 to 1. Problem1b <-ata(items, 1, len=10, max_use=1) Problem1b <-ata_obj_relative(Problem1b, seq(-1, 1, #change when a #diff erent interval is desired 0.10), #increment of the # theta points.
"max", flatten=0.10) #change accordingly! Problem1b <-ata_solve(Problem1b, as.list=T) #Now we are ready to solve # the ATA plot(Problem1b) # plotting information function 
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# End # Problem1c: absolute information target theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points (from -1 # to 1) tif_target= 8 # desired amount of information at the test level. Change # accordingly! Problem1c <-ata(items, 1, len=10, max_use=1) Problem1c <-ata_obj_absolute(Problem1c, theta_target, tif_target) #ATA # problem Problem1c <-ata_solve(Problem1c, as.list=T) #Now we are ready to solve # the ATA. plot(Problem1c) # plotting information function # End
Problem 2: Building single form with content constraint only
Here, I created one single test form that has content constraints. There are three problems listed as Problem 2a, 2b and 2c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 2 examples, I pulled 10 items as 2, 3, and 5 items from the content1, content2 and content3, respectively.
# Problem2a: maximize the information at fixed theta point of -1. Problem2a <-ata(items, 1, #single test form. This must be 1 when single #form is created! len=10, #test length of 10. Change accordingly! max_use=1) #Each item should be selected one time only! Problem2a <-ata_obj_relative(Problem2a, -1, "max") #specifying ATA #pro blem #Now let's add content distribution constraints before solving the ATA. Problem2a <-ata_constraint(Problem2a, "content", min=2, max=2, level=1) # 2 items from Content 1 Problem2a <-ata_constraint(Problem2a,"content", min=3, max=3, level=2) # 3 items from Content 2 Problem2a <-ata_constraint(Problem2a, "content", min=5, max=5, level=3) # 5 items from Content 3 Problem2a <-ata_solve(Problem2a, as.list=T) #Now, ATA is ready to solve! plot(Problem2a) # plotting information function # End # Problem2b: maximize the information at theta interval of -1 to 1. Problem2b <-ata(items, 1, len=10, max_use=1) # Test length of 10. Change #accordingly! Problem2b <-ata_obj_relative(Problem2b, seq(-1, 1, 0.10), "max", flatte n=0.10) #Now let's add content constraints before solve the ATA. Problem2b <-ata_constraint(Problem2b, "content", min=2, max=2, level=1) # 2 items from C 1 Problem2b <-ata_constraint(Problem2b,"content", min=3, max=3, level=2) # 3 items from C 2 Problem2b <-ata_constraint(Problem2b, "content", min=5, max=5, level=3) # 5 items from C 3 Problem2b <-ata_solve(Problem2b, as.list=T) #Now, ATA is ready to solve! #Problem2c: absolute information target theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points where you #want to maximize information. tif_target= 8 # desired amount of information we want. Change #accordingl y! Problem2c <-ata(items, 1, len=10, max_use=1) # Test length of 10. Change #accordingly! Problem2c <-ata_obj_absolute(Problem2c, theta_target, tif_target) #speci fying ATA problem #Now let's add content constraints before solve the ATA. Problem2c <-ata_constraint(Problem2c, "content", min=2, max=2, level=1) # 2 items from C 1 Problem2c <-ata_constraint(Problem2c,"content", min=3, max=3, level=2) # 3 items from C 2 Problem2c <-ata_constraint(Problem2c, "content", min=5, max=5, level=3) # 5 items from C 3 Problem2c <-ata_solve(Problem2c, as.list=T) #Now, ATA is ready to solve! Problem2c$items #see selected items plot(Problem2c) # plotting information function # End
Problem 3: Building single form with two constraints
Here, I created one single test form that has content and word count constraints. There are three problems listed as Problem 3a, 3b and 3c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 3 examples, I pulled 10 items as 2, 3, and 5 items from the content1, content2 and content3, respectively. The average word count of the items in the forms is between 60 and 70.
#Problem3a: maximize the information at the fixed theta point of -1. Problem3a <-ata(items, 1, # Building single form. Change accordingly! len=10, #Test length of 10. Change accordingly! max_use=1) # Each item should be selected one time only! Problem3a <-ata_obj_relative(Problem3a, -1, "max") #specifying ATA #prob lem #Now let's add content constraints before solve the ATA. Change #accordi ngly! Problem3a <-ata_constraint(Problem3a, "content", min=2, max=2, level=1) # 2 items from C 1 Problem3a <-ata_constraint(Problem3a,"content", min=3, max=3, level=2) # 3 items from C 2 Problem3a <-ata_constraint(Problem3a, "content", min=5, max=5, level=3) # 5 items from C 3 #Now let's add word count constraint before solve the ATA. Change #accord ingly! Problem3a <-ata_constraint(Problem3a, "word_count", min=60*10, max=70*1 0) Problem3a <-ata_solve(Problem3a, as.list=T) #Now, ATA is ready to solve! Problem3a$items #see selected items plot(Problem3a) # plotting information function # Problem3b: maximize the information at theta interval of -1 to 1. Problem3b <-ata(items, 1, len=10, max_use=1) Problem3b <-ata_obj_relative(Problem3b, seq(-1, 1, 0.10), "max", flatt en=0.10) #Now let's add content constraints before solve the ATA. Change #accordi ngly! Problem3b <-ata_constraint(Problem3b, "content", min=2, max=2, level=1) # 2 items from Content 1 Problem3b <-ata_constraint(Problem3b,"content", min=3, max=3, level=2) # 3 items from Content 2 Problem3b <-ata_constraint(Problem3b, "content", min=5, max=5, level=3) # 5 items from Content 3 #Now let's add word count constraint before solve the ATA. Change #accor dingly! Problem3b <-ata_constraint(Problem3b, "word_count", min=60*10, max=70*1 0) Problem3b <-ata_solve(Problem3b, as.list=T) #Now, ATA is ready to solve! Problem3b$items #see selected items plot(Problem3b) # plotting information function # End # Problem3c: absolute information target theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points where you #want to maximize #information. One can also specify fixed theta point! Change accordingly! tif_target= 8 # desired amount of information. Change accordingly! Problem3c <-ata(items, 1, len=10, max_use=1) Problem3c <-ata_obj_absolute(Problem3c, theta_target, tif_target) #speci fying ATA problem #Now let's add content constraints before solve the ATA. Change #accordi ngly! Problem3c <-ata_constraint(Problem3c, "content", min=2, max=2, level=1) # 2 items from C 1 Problem3c <-ata_constraint(Problem3c,"content", min=3, max=3, level=2) # 3 items from C 2 Problem3c <-ata_constraint(Problem3c, "content", min=5, max=5, level=3) # 5 items from C 3 #Now let's add word count constraint before solve the ATA. Change #accor dingly! Problem3c <-ata_constraint(Problem3c, "word_count", min=60*10, max=70*1 0) Problem3c <-ata_solve(Problem3c, as.list=T) #Now, ATA is ready to solve! plot(Problem3c) # plotting information function # End
Problem 4: Building single form with three constraints
Here, I created one single test form that has content, word count and time constraints. There are three problems listed as Problem 4a, 4b and 4c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 4 examples, 
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I pulled 10 items as 2, 3, and 5 items from the content1, content2 and content3, respectively. The average word count of the items in the forms is between 60 and 70. The average time to solve an item is between 200 and 300 seconds.
#Problem4a: maximize the information at the fixed theta point of -1. Problem4a <-ata(items, 1, # Building single form. Change accordingly! len=10, #Test length of 10. Change accordingly! max_use=1) # Each item should be selected one time only! Problem4a <-ata_obj_relative(Problem4a, -1, "max") #Now let's add content constraints before solve the ATA. Change #accordi ngly! Problem4a <-ata_constraint(Problem4a, "content", min=2, max=2, level=1) # 2 items from C 1 Problem4a <-ata_constraint(Problem4a,"content", min=3, max=3, level=2) # 3 items from C 2 Problem4a <-ata_constraint(Problem4a, "content", min=5, max=5, level=3) # 5 items from C 3 #Now let's add word count constraint before solve the ATA. Change #accor dingly! Problem4a <-ata_constraint(Problem4a, "word_count", min=60*10, max=70*1 0) #Now let's add time constraint before solve the ATA. Change accordingly! Problem4a <-ata_constraint(Problem4a, "time", min=200*10, max=300*10) Problem4a <-ata_solve(Problem4a, as.list=T) #Now, ATA is ready to solve! Problem4a$items #see selected items plot(Problem4a) # plotting information function # End # Problem4b: maximize the information at theta interval of -1 to 1. Problem4b <-ata(items, 1, len=10, max_use=1) #A total of 10 items. #Chan ge accordingly! Problem4b <-ata_obj_relative(Problem4b, seq(-1, 1, 0.10), "max", flatte n=0.10) #Now let's add content constraints before solve the ATA. Change #accordi ngly! Problem4b <-ata_constraint(Problem4b, "content", min=2, max=2, level=1) # 2 items from C 1 Problem4b <-ata_constraint(Problem4b,"content", min=3, max=3, level=2) # 3 items from C 2 Problem4b <-ata_constraint(Problem4b, "content", min=5, max=5, level=3) # 5 items from C 3 #Now let's add word count constraints before solve the ATA. Change #acco rdingly! Problem4b <-ata_constraint(Problem4b, "word_count", min=60*10, max=70*1 0) #Now let's add time constraint before solve the ATA. Change accordingly! Problem4b <-ata_constraint(Problem4b, "time", min=200*10, max=300*10) Problem4b <-ata_solve(Problem4b, as.list=T) #Now, ATA is ready to solve! Problem4b$items #see selected items plot(Problem4b) # plotting information function # End # Problem4c: absolute information target theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points where you 274 #to maximize #information. One can also specify fixed theta point! Change #accordingly! tif_target= 8 # desired amount of information. Change accordingly! Problem4c <-ata(items, 1, len=10, max_use=1) #A total of 10 items. #Chan ge accordingly! Problem4c <-ata_obj_absolute(Problem4c, theta_target, tif_target) #speci fying ATA problem #Now let's add content constraints before solve the ATA. Change #accordi ngly! Problem4c <-ata_constraint(Problem4c, "content", min=2, max=2, level=1) #2 items from C 1 Problem4c <-ata_constraint(Problem4c,"content", min=3, max=3, level=2) #3 items from C 2 Problem4c <-ata_constraint(Problem4c, "content", min=5, max=5, level=3) #5 items from C 3 #Now let's add word count constraints before solve the ATA. Change #acco rdingly! Problem4c <-ata_constraint(Problem4c, "word_count", min=60*10, max=70*1 0) #Now let's add time constraints before solve the ATA. Change #accordingl y! Problem4c <-ata_constraint(Problem4c, "time", min=200*10, max=300*10) Problem4c <-ata_solve(Problem4c, as.list=T) #Now, ATA is ready to solve! Problem4c$items #see selected items plot(Problem4c) # plotting information function #End
Problem 5: Building two equal-length forms with no constraints
Here, I created two test forms that have any constraints. There are three problems listed as Problem 5a, 5b and 5c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 5 examples, I pulled equal test lengths (10 items) and content was not controlled.
# Problem5a: maximize the information at the fixed theta point of 0 for # all forms Problem5a <-ata(items, 2, #Building 2 forms. Change accordingly! len=10, # Test length of 10. Change accordingly! max_use=1) #We don't want item overlapping. Change #acco rdingly! Problem5a <-ata_obj_relative(Problem5a, 0, # change when a different #f ixed theta point is desired "max") Problem5a <-ata_solve(Problem5a, as.list=T) # "as.list=F" gives all #sel ected items together Problem5a$items #see selected items plot(Problem5a) # plotting information function #End # Problem5b: maximize the information at theta interval of -1 to 1. Problem5b <-ata(items, 2, len=10, max_use=1) Problem5b <-ata_obj_relative(Problem5b, seq(-1, 1, 0.50), # change #acc ordingly! 
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"max", flatten=0.10) # change accordingly! Problem5b <-ata_solve(Problem5b,as.list=T) #Now let's solve the ATA! Problem5b$items #see selected items plot(Problem5b) # plotting information function #End # Problem5c: absolute information target theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points. Change #a ccordingly! tif_target= 8 # desired amount of information. Change accordingly! Problem5c <-ata(items, 2, len=10, max_use=1) Problem5c <-ata_obj_absolute(Problem5c, theta_target, tif_target) # #Spe cifying the ATA. Problem5c <-ata_solve(Problem5c, as.list=T) # Let's solve the ATA #probl em. Problem5c$items #see selected items plot(Problem5c) # plotting information function # End
Problem 6: Building unequal-length two forms with no constraints
Here, I created two test forms that have any constraints same in problem 5a, 5b and 5c. However, in problem 6 examples, the test lengths are not equal. There are three problems listed as Problem 6a, 6b and 6c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 6 examples, I pulled 5 items for form 1 and 8 items for form 2 but content distribution was not controlled for both forms.
# Problem6a: maximize the information at the fixed theta point of 0 for #all forms Problem6a <-ata(items, 2, # don't specify form length "len=10" because # of unequal test lengths max_use=1) #we do not want overlapping items. Problem6a <-ata_obj_relative(Problem6a, 0, #fixed theta point for both #forms. Change accordingly! "max") Problem6a <-ata_constraint(Problem6a,1, min=5, max=5, forms=1) #5 items #in form 1 Problem6a <-ata_constraint(Problem6a,1, min=8, max=8, forms=2) #8 items #in form 2 Problem6a <-ata_solve(Problem6a, as.list=T) # Let's solve the ATA #probl em. Problem6a$items #see selected items plot(Problem6a) # plotting information function #End # Problem6b: maximize the information at theta interval of -1 to 1. Problem6b <-ata(items, 2, # two forms max_use=1) #we do not want overlapping items. Change #ac cordingly! Problem6b <-ata_obj_relative(Problem6b, seq(-1, 1, 0.50), #Change the interval accordingly! "max", flatten=0.10) Problem6b <-ata_constraint(Problem6b,1, min=5, max=5, forms=1) #5 items Here, I created two test forms with controlling content distribution. There are three problems listed as Problem 7a, 7b and 7c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all problem 7 examples, for both forms, the test length is 10, and I pulled 2, 3 and 5 items content2 and content3, respectively.
# Problem7a: Maximize the information at the fixed theta point of 0 for # all forms. Problem7a <-ata(items, 2, len=10, #Equal test length of 0 for both #form s. Change accordingly! max_use=1) #I want non-overlapping forms. Problem7a <-ata_obj_relative(Problem7a, 0, # fixed theta point. Change # accordingly! "max") Problem7a <-ata_constraint(Problem7a, "content", min=2, max=2, level=1) #2 items from C 1 Problem7a <-ata_constraint(Problem7a,"content", min=3, max=3, level=2) # 3 items from C 2 Problem7a <-ata_constraint(Problem7a, "content", min=5, max=5, level=3) #5 items from C 3 Problem7a <-ata_solve(Problem7a, as.list=T) #Now Let's solve the ATA plot(Problem7a) # plotting information function #End # Problem7b: Maximize the information at theta interval of -1 to 1. Problem7b <-ata(items, 2, len=10, max_use=1) Problem7b <-ata_obj_relative(Problem7b, seq(-1, 1, 0.50), #Change the # "max", flatten=0.50) Problem7b <-ata_constraint(Problem7b, "content", min=2, max=2, level=1) #2 items from content 1 Problem7b <-ata_constraint(Problem7b,"content", min=3, max=3, level=2) # 3 items from content 2 Problem7b <-ata_constraint(Problem7b, "content", min=5, max=5, level=3) #5 items from content 3 Problem7b <-ata_solve(Problem7b,as.list=T) #Now Let's solve the ATA Problem7b$items #see selected items plot(Problem7b) # plotting information function #End # Problem7c: absolute information target theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) tif_target= 8 # desired amount of information Problem7c <-ata(items, 2, len=10, max_use=1) Problem7c <-ata_constraint(Problem7c, "content", min=2, max=2, level=1) #2 items from C 1 Problem7c <-ata_constraint(Problem7c,"content", min=3, max=3, level=2) # 3 items from C 2 Problem7c <-ata_constraint(Problem7c, "content", min=5, max=5, level=3) #5 items from C 3 Problem7c <-ata_obj_absolute(Problem7c, theta_target, tif_target) # ATA #for both forms Problem7c <-ata_solve(Problem7c, as.list=T) #Now Let's solve the ATA Problem7c$items #see selected items plot(Problem7c) # plotting information function #End Problem 8: Building unequal-length two forms with content constraint Here, I created two unequal-length test forms with controlling content distribution. There are three problems listed as Problem 8a, 8b and 8c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 8 examples in below, for form 1, I pulled 5 items as 1, 2 and 2 from content 1, 2 and 3, respectively. For form 2, I pulled 8 items as 2, 3 and 3 from content 1, 2 and 3, respectively.
# Problem8a: Maximize the information at the fixed theta point Problem8a <-ata(items, 2, #two test forms max_use=1) #I don't want item overlapping across the #fo rms Problem8a <-ata_obj_relative(Problem8a, 0, "max") #Now let's specify total test lengths for both forms. Problem8a <-ata_constraint(Problem8a,1, min=5, max=5, forms=1) #5 items #in form 1 Problem8a <-ata_constraint(Problem8a,1, min=8, max=8, forms=2) #8 items #in form 2 #Now let's add content constraints for form 1. Change accordingly! Problem8a <-ata_constraint(Problem8a, "content", min=1, max=1, level=1,f orms = 1) Problem8a <-ata_constraint(Problem8a,"content", min=2, max=2, level=2, f orms = 1) 
278
Problem8a <-ata_constraint(Problem8a, "content", min=2, max=2, level=3,f orms = 1) #Now let's add content constraints for form 2. Change accordingly! Problem8a <-ata_constraint(Problem8a, "content", min=2, max=2, level=1,f orms = 2) Problem8a <-ata_constraint(Problem8a,"content", min=3, max=3, level=2, f orms = 2) Problem8a <-ata_constraint(Problem8a, "content", min=3, max=3, level=3,f orms = 2) Problem8a <-ata_solve(Problem8a, as.list=T) # ATA is ready to solve Problem8a$items #see selected items plot(Problem8a) # plotting information function #End # Problem8b: maximize the information at theta interval of -1 to 1. Problem8b <-ata(items, 2, max_use=1) Problem8b <-ata_obj_relative (Problem8b, seq(-1, 1, 0.50) , #theta #inter val. Change accordingly! "max", flatten=0.10) Problem8b <-ata_constraint(Problem8b,1, min=5, max=5, forms=1) #5 items #in form 1 Problem8b <-ata_constraint(Problem8b,1, min=8, max=8, forms=2) #8 items #in form 2 #Now let's add content constraints for form 1. Change accordingly! Problem8b <-ata_constraint(Problem8b, "content", min=1, max=1, level=1,f orms = 1) Problem8b <-ata_constraint(Problem8b,"content", min=2, max=2, level=2, f orms = 1) Problem8b <-ata_constraint(Problem8b, "content", min=2, max=2, level=3,f orms = 1) #Now let's add content constraints for form 2. Change accordingly! Problem8b <-ata_constraint(Problem8b, "content", min=2, max=2, level=1,f orms = 2) Problem8b <-ata_constraint(Problem8b,"content", min=3, max=3, level=2, f orms = 2) Problem8b <-ata_constraint(Problem8b, "content", min=3, max=3, level=3,f orms = 2) Problem8b <-ata_solve(Problem8b,as.list=T) # ATA is ready to solve Problem8b$items #see selected items plot(Problem8b) # plotting information function #End # Problem8c: absolute information target theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) #theta interval I want to #maxim ize the information tif_target= 5 # desired amount of information. Change accordingly! Problem8c <-ata(items, 2, max_use=1) Problem8c <-ata_constraint(Problem8c,1, min=5, max=5, forms=1) #5 items #in form 1 Problem8c <-ata_constraint(Problem8c,1, min=8, max=8, forms=2 ) #8 items #in form 2 #Now let's add content constraints for form 1. Change accordingly! Problem8c <-ata_constraint(Problem8c, "content", min=1, max=1, level=1,f 279 orms = 1) Problem8c <-ata_constraint(Problem8c,"content", min=2, max=2, level=2, f orms = 1) Problem8c <-ata_constraint(Problem8c, "content", min=2, max=2, level=3,f orms = 1) #Now let's add content constraints for form 2. Change accordingly! Problem8c <-ata_constraint(Problem8c, "content", min=2, max=2, level=1,f orms = 2) Problem8c <-ata_constraint (Problem8c,"content", min=3, max=3 , level=2, f orms = 2) Problem8c <-ata_constraint(Problem8c, "content", min=3, max=3, level=3,f orms = 2) Problem8c <-ata_obj_absolute(Problem8c, theta_target, tif_target, forms = 1) #ATA for form 1 Problem8c <-ata_obj_absolute(Problem8c, theta_target, tif_target, forms = 2) #ATA for form 2 Problem8c <-ata_solve(Problem8c, as.list=T) #Now ATA is ready to solve Problem8c$items #see selected items plot(Problem8c) # plotting information function #End Problem 9: Building equal-length two forms with two constraints Here, I create two equal-length test forms with controlling content distribution and word count. There are three problems listed as Problem 9a, 9b and 9c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 9 examples, I pulled 10 items for both forms, and in both forms, there are 2, 3, and 5 items from the content1, content2 and content3, respectively. The average word count of the items in both forms is between 60 and 70.
# Problem9a: maximize the information at the fixed theta point of 0 for # both forms. Problem9a <-ata(items, 2, # number of forms len=10, # Equal test length of 10 for both forms. Change #accordi ngly! max_use=1) #I don't want item overlapping across the forms. Problem9a <-ata_obj_relative(Problem9a, 0, # fixed theta point. Change # accordingly! "max") #Now let's add content constraints for the forms. Change accordingly! Problem9a <-ata_constraint(Problem9a, "content", min=2, max=2, level=1) #2 items from content 1 Problem9a <-ata_constraint(Problem9a,"content", min=3, max=3, level=2) # 3 items from content 2 Problem9a <-ata_constraint(Problem9a, "content", min=5, max=5, level=3) #5 items from content 3 #Now let's add word count constraints before solve the ATA. Change #acco rdingly! Problem9a <-ata_constraint(Problem9a, "word_count", min=60*10, max=70*1 0) Problem9a <-ata_solve(Problem9a, as.list=T) #Let's solve the ATA Problem9a$items #see selected items plot(Problem9a) # plotting information function 280 #End # Problem9b: maximize the information at theta interval of -1 to 1. Problem9b <-ata(items, 2, len=10, max_use=1) Problem9b <-ata_obj_relative(Problem9b, seq(-1, 1, 0.50), #theta #inter val. Change accordingly! "max", flatten=0.50) #Now let's add content constraints for the forms. Change accordingly! Problem9b <-ata_constraint(Problem9b, "content", min=2, max=2, level=1) #2 items from content 1 Problem9b <-ata_constraint(Problem9b,"content", min=3, max=3, level=2) # 3 items from content 2 Problem9b <-ata_constraint(Problem9b, "content", min=5, max=5, level=3) #5 items from content 3 #Now let's add word count constraints before solve the ATA. Change #acco rdingly! Problem9b <-ata_constraint(Problem9b, "word_count", min=60*10, max=70*1 0) Problem9b <-ata_solve(Problem9b,as.list=T) #Let's solve the ATA Problem9b$items #see selected items plot(Problem9b) # plotting information function #End # Problem9c: Absolute information target. theta_target=0 #the point where we want the absolute information. One can #specify interval as well! tif_target= 8 # desired amount of information. Change accordingly! Problem9c <-ata(items, 2, len=10, max_use=1) #Now let's add content constraints for the forms. Change accordingly! Problem9c <-ata_constraint(Problem9c, "content", min=2, max=2, level=1) #2 items from content 1 Problem9c <-ata_constraint(Problem9c,"content", min=3, max=3, level=2) # 3 items from content 2 Problem9c <-ata_constraint(Problem9c, "content", min=5, max=5, level=3) #5 items from content 3 #Now let's add word count constraints before solve the ATA. Change #acco rdingly! Problem9c <-ata_constraint(Problem9c, "word_count", min=60*10, max=70*1 0) Problem9c <-ata_obj_absolute(Problem9c, theta_target, tif_target) #Speci fy the ATA Problem9c <-ata_solve(Problem9c, as.list=T) #Let's solve the ATA Problem9c$items #see selected items plot(Problem9c) # plotting information function #End Here, I create two unequal-length test forms with controlling content distribution and word count.
There are three problems listed as Problem 10a, 10b and 10c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 10 examples, I pulled 5 items for form 1 and 8 items for form 2. In form 1, there are 1, 2, and 2 items from the content1, content2 and content3, respectively. In form 2, there are 2, 3, and 3 items from the content1, content2 and content3, respectively. The average word count of the items in both forms is between 30 and 80.
# Problem10a: maximize the information at the fixed theta point Problem10a <-ata(items, 2, #Two test forms. Change accordingly! max_use=1) #we don't want item-overlapping Problem10a <-ata_obj_relative(Problem10a, 0, #fixed theta point. Change #accordingly! "max") Problem10a <-ata_constraint(Problem10a,1, min=5, max=5, forms=1 ) #5 #ite ms in form 1 Problem10a <-ata_constraint(Problem10a,1, min=8, max=8, forms=2) #8 #it ems in form 2 #Now let's add content constraints for form 1. Change accordingly! Problem10a <-ata_constraint(Problem10a, "content", min=1, max=1, level=1 ,forms = 1) Problem10a <-ata_constraint(Problem10a,"content", min=2, max=2, level=2, forms = 1) Problem10a <-ata_constraint(Problem10a, "content", min=2, max=2, level=3 ,forms = 1) #Now let's add content constraints for form 2. Change accordingly! Problem10a <-ata_constraint(Problem10a, "content", min=2, max=2, level=1 ,forms = 2) Problem10a <-ata_constraint(Problem10a,"content", min=3, max=3, level=2, forms = 2) Problem10a <-ata_constraint(Problem10a, "content", min=3, max=3, level=3 ,forms = 2) #Now let's add word count constraints before solve the ATA. Change #accor dingly! Problem10a <-ata_constraint(Problem10a, "word_count", min=30*10, max=80 *10) Problem10a <-ata_solve(Problem10a, as.list=T) # Now let's solve the ATA Problem10a$items #see selected items plot(Problem10a) # plotting information function #End # Problem10b: maximize the information at theta interval of -1 to 1. Problem10b <-ata(items, 2, max_use=1) Problem10b <-ata_obj_relative (Problem10b, seq(-1, 1, 0.50) , #theta #int erval. Change accordingly! "max", flatten=0.10) Problem10b <-ata_constraint (Problem10b,1, min=5, max=5, forms=1 ) #5 #ite ms in form 1 Problem10b <-ata_constraint(Problem10b,1, min=8, 
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,forms = 1) Problem10b <-ata_constraint(Problem10b,"content", min=2, max=2, level=2, forms = 1) Problem10b <-ata_constraint(Problem10b, "content", min=2, max=2, level=3 ,forms = 1) #Now let's add content constraints for form 2. Change accordingly! Problem10b <-ata_constraint(Problem10b, "content", min=2, max=2, level=1 ,forms = 2) Problem10b <-ata_constraint (Problem10b,"content", min=3, max=3, level=2 , forms = 2) Problem10b <-ata_constraint(Problem10b, "content", min=3, max=3, level=3 ,forms = 2) #Now let's add word count constraints before solve the ATA. Change #accor dingly! Problem10b <-ata_constraint(Problem10b, "word_count", min=30*10, max=80 *10) Problem10b <-ata_solve(Problem10b,as.list=T) #Solve the ATA Problem10b$items #see selected items plot(Problem10b) # plotting information function #End # Problem10c: absolute information target theta_target=0 #One can specify theta interval as well. Change #according ly! tif_target= 5 # desired amount of information Problem10c <-ata(items, 2, max_use=1) Problem10c <-ata_constraint (Problem10c,1, min=5, max=5, forms=1 ) #5 #ite ms in form 1 Problem10c <-ata_constraint(Problem10c,1, min=8, max=8, forms=2 ) #8 #it ems in form 2 #Now let's add content constraints for form 1. Change accordingly! Problem10c <-ata_constraint(Problem10c, "content", min=1, max=1, level=1 ,forms = 1) Problem10c <-ata_constraint(Problem10c,"content", min=2, max=2, level=2, forms = 1) Problem10c <-ata_constraint(Problem10c, "content", min=2, max=2, level=3 ,forms = 1) #Now let's add content constraints for form 2. Change accordingly! Problem10c <-ata_constraint(Problem10c, "content", min=2, max=2, level=1 ,forms = 2) Problem10c <-ata_constraint(Problem10c,"content", min=3, max=3, level=2, forms = 2) Problem10c <-ata_constraint(Problem10c, "content", min=3, max=3, level=3 ,forms = 2) #Now let's add word count constraints before solve the ATA. Change #acco rdingly! Problem10c <-ata_constraint(Problem10c, "word_count", min=30*10, max=80 *10) Problem10c <-ata_obj_absolute(Problem10c, theta_target, tif_target, form s = 1) # ATA for form 1 Problem10c <-ata_obj_absolute(Problem10c, theta_target, tif_target, form s = 2) # ATA for form 2 Problem10c <-ata_solve(Problem10c, as.list=T) #Solve the ATA There are three problems listed as Problem 11a, 11b and 11c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 11 examples, I pulled 10 items for both forms, and in both forms, there are 2, 3, and 5 items from the content1, content2 and content3, respectively. The average word count of the items in both forms is between 60 and 70. The average time to solve the item is between 200 and 300 seconds.
#Problem11a: maximize the information at the fixed theta point Problem11a <-ata(items, 2, #we are building two forms len=10, #total test length for a form. Change accordingly! max_use=1) #Each item can be selected for a form only. Change #accordingl y! Problem11a <-ata_obj_relative(Problem11a, 0, # fixed theta point.
"max") #Now let's add content constraints for the forms. Change accordingly! Problem11a <-ata_constraint(Problem11a, "content", min=2, max=2, level=1 ) Problem11a <-ata_constraint(Problem11a,"content", min=3, max=3, level=2) Problem11a <-ata_constraint(Problem11a, "content", min=5, max=5, level=3 ) #Now let's add word count constraints before solve the ATA. Change #accor dingly! Problem11a <-ata_constraint(Problem11a, "word_count", min=60*10, max=70 *10) #Now let's add time constraints before solve the ATA. Change #accordingly ! Problem11a <-ata_constraint(Problem11a, "time", min=200*10, max=300*10) Problem11a <-ata_solve(Problem11a, as.list=T) #Let's solve the ATA Problem11a$items #see selected items plot(Problem11a) # plotting information function #End # Problem11b: Maximize the information at theta interval of -1 to 1. Problem11b <-ata(items, 2, len=10, max_use=1) Problem11b <-ata_obj_relative (Problem11b, seq(-1, 1, 0 .50), #Change #ac cordingly! "max", flatten=0.50) #Let's add content distribution constraints. Change accordingly! Problem11b <-ata_constraint(Problem11b, "content", min=2, max=2, level=1 ) Problem11b <-ata_constraint(Problem11b,"content", min=3, max=3, level=2) Problem11b <-ata_constraint(Problem11b, "content", min=5, max=5, level=3 ) #Let's add word count constraints. Change accordingly! Problem11b <-ata_constraint(Problem11b, "word_count", min=60*10, max=70 *10) #Let's add time constraints. Change accordingly! 
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Problem11b <-ata_constraint(Problem11b, "time", min=200*10, max=300*10) Problem11b <-ata_solve(Problem11b,as.list=T) #Now let's solve the ATA Problem11b$items #see selected items plot(Problem11b) # plotting information function #End # Problem11c: Absolute information target theta_target=c(0, 0.5) # either specify fixed theta point or theta #inter val tif_target= 8 # desired amount of information. Change accordingly! Problem11c <-ata(items, 2, len=10, max_use=1) #Let's add content distribution constraints. Change accordingly! Problem11c <-ata_constraint(Problem11c, "content", min=2, max=2, level=1 ) Problem11c <-ata_constraint(Problem11c,"content", min=3, max=3, level=2) Problem11c <-ata_constraint(Problem11c, "content", min=5, max=5, level=3 ) #Let's add word count constraints. Change accordingly! Problem11c <-ata_constraint(Problem11c, "word_count", min=60*10, max=70 *10) #Let's add time constraints. Change accordingly! Problem11c <-ata_constraint(Problem11c, "time", min=200*10, max=300*10) Problem11c <-ata_obj_absolute(Problem11c, theta_target, tif_target) #Spe cify the ATA problem Problem11c <-ata_solve(Problem11c, as.list=T) #Let's solve the ATA Problem11c$items #see selected items plot(Problem11c) # plotting information function #End Problem 12: Building unequal-length two forms with three constraints Here, I create two unequal-length test forms with controlling content distribution, word count and time.
There are three problems listed as Problem 12a, 12b and 12c. The codes for these problems are written for a fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem 12 examples, I pulled 5 items for form 1 and 8 items for form 2. In form 1, there are 1, 2, and 2 items from the content1, content2 and content3, respectively. In form 2, there are 2, 3, and 3 items from the content1, content2 and content3, respectively. The average word count of the items in both forms is between 30 and 80. The average time to solve the item is between 100 and 400 seconds.
#Problem12a : Maximize the information at the fixed theta point of 0. Problem12a <-ata(items, 2, #Building two forms max_use=1) #we don't want item overlapping. Change accordingly! Problem12a <-ata_obj_relative(Problem12a, 0, # Change accordingly! "max") #Let's specify test lengths for the two forms. Change accordingly! Problem12a <-ata_constraint(Problem12a,1, min=5, max=5, forms=1 ) #5 #ite ms in form 1 Problem12a <-ata_constraint(Problem12a,1, min=8, max=8, forms=2 ) #8 #it ems in form 2 #Let's add content distribution constraints for form 1. Change #according ly! Problem12a <-ata_constraint(Problem12a, "content", min=1, max=1, level=1 ,forms = 1) Problem12a <-ata_constraint(Problem12a,"content", min=2, max=2, level=2, forms = 1) Problem12a <-ata_constraint(Problem12a, "content", min=2, max=2, level=3 ,forms = 1) #Let's add content distribution constraints for form 2. Change #according ly! Problem12a <-ata_constraint(Problem12a, "content", min=2, max=2, level=1 ,forms = 2) Problem12a <-ata_constraint (Problem12a,"content", min=3, max=3, level=2 , forms = 2) Problem12a <-ata_constraint(Problem12a, "content", min=3, max=3, level=3 ,forms = 2) #Let's add word count constraints. Change accordingly! Problem12a <-ata_constraint(Problem12a, "word_count", min=30*10, max=80 *10) #Let's add time constraints. Change accordingly! Problem12a <-ata_constraint(Problem12a, "time", min=100*10, max=400*10) Problem12a <-ata_solve(Problem12a, as.list=T) #Now, let's solve the ATA Problem12a$items #see selected items plot(Problem12a) # plotting information function #End #Problem12b: maximize the information at theta interval of -1 to 1. Problem12b <-ata(items, 2, max_use=1) Problem12b <-ata_obj_relative (Problem12b, seq(-1, 1, 0 .50), # theta #i nterval. Change accordingly! "max", flatten=0.10) Problem12b <-ata_constraint(Problem12b,1, min=5, max=5, forms=1) #5 #ite ms in form 1 Problem12b <-ata_constraint(Problem12b,1, min=8, max=8, forms=2) #8 #it ems in form 2 Problem12b <-ata_constraint(Problem12b, "content", min=1, max=1, level=1 ,forms = 1) #Form1C1 Problem12b <-ata_constraint(Problem12b,"content", min=2, max=2, level=2, forms = 1) #Form1C2 Problem12b <-ata_constraint(Problem12b, "content", min=2, max=2, level=3 ,forms = 1) #Form1C3 Problem12b <-ata_constraint(Problem12b, "content", min=2, max=2, level=1 ,forms = 2) #Form2C1 Problem12b <-ata_constraint(Problem12b,"content", min=3, max=3, level=2, forms = 2) #Form2C2 Problem12b <-ata_constraint(Problem12b, "content", min=3, max=3, level=3 ,forms = 2) #Form2C3 Problem12b <-ata_constraint(Problem12b, "word_count", min=30*10, max=80 *10) #word counts Problem12b <-ata_constraint(Problem12b, "time", min=100*10, max=400*10) #time constraints Problem12b <-ata_solve(Problem12b,as.list=T) #Now, let's solve the ATA Problem12b$items #see selected items plot(Problem12b) # plotting information function #End <-ata_constraint(Problem12c,1, min=8, max=8, forms=2 ) #8 #it ems in form 2 Problem12c <-ata_constraint(Problem12c, "content", min=1, max=1, level=1 ,forms = 1) #Form1 C1 Problem12c <-ata_constraint(Problem12c,"content", min=2, max=2, level=2, forms = 1) #Form1 C2 Problem12c <-ata_constraint(Problem12c, "content", min=2, max=2, level=3 ,forms = 1) #Form1 C3 Problem12c <-ata_constraint(Problem12c, "content", min=2, max=2, level=1 ,forms = 2) #Form2 C1 Problem12c <-ata_constraint(Problem12c,"content", min=3, max=3, level=2, forms = 2) #Form2 C2 Problem12c <-ata_constraint(Problem12c, "content", min=3, max=3, level=3 ,forms = 2) #Form2 C3 Problem12c <-ata_constraint(Problem12c, "word_count", min=30*10, max=80 *10) #word counts Problem12c <-ata_constraint(Problem12c, "time", min=100*10, max=400*10) #time constraints Problem12c <-ata_obj_absolute(Problem12c, theta_target, tif_target, form s = 1) # ATA for form 1 Problem12c <-ata_obj_absolute(Problem12c, theta_target, tif_target, form s = 2) # ATA for form 2 Problem12c <-ata_solve(Problem12c, as.list=T) #Now, ATA is ready to #sol ve! Problem12c$items #see selected items plot(Problem12c) # plotting information function #End of the tutorial Important Notes 1. It is important to note that finding a solution in any example depends on the psychometric characteristics of the items in the pool.
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2. In this paper, I used a simulated item pool. Thus, when you replicate the item pool, you may or may not find the same solutions.
3. The item pool was generated based on the 3PL Item Response Theory Model. In case you use different model than the 3PL, you should change the item parameters accordingly. For example, when you use Rasch model, you should fix all discrimination parameters at 1 and all pseudo-guessing parameters at 0.
4. All of the codes were carefully written, and their functionality was checked again and again by the author. In case you have problems to run any example, you can try the following steps first. If you still cannot find a solution, please do not hesitate contacting the author.
a. If you use simulated item pool, you may want to re-generate the item pool, and try again. c. In same cases, you may want to allow item overlapping, especially when you have limited number of total items. 5. Finding a solution also depends on the constraints you specify. The likelihood of finding a solution becomes difficult as you use strict restrictions.
6. For the demonstration purposes, the constraints used in this study are the hypothetical constraints (e.g., content area, word count and time). You can use your own constraints or more logical ones.
s #For Form 4 and 5, the average time to solve the item is between 200 and 400 #seconds Ex1 <-ata(items, 5, #building 5 test forms at the same time! #Change accordingly! max_use=1) #we don't want item overlapping! Ex1 <-ata_obj_relative(Ex1, -1, #fixed theta point for forms 1 and 2 . # Change accordingly! "max", forms=c(1,2) #the specified theta point of -1 wa s #for both forms 1 and 2 only! ) Ex1 <-ata_obj_relative(Ex1, 0, #fixed theta point for form 3. #Change accordingly! "max", forms=3 #the specified theta point of 0 was for both #form 3 only! ) Ex1 <-ata_obj_relative(Ex1, 1, #fixed theta point for forms 4 and 5. Ch ange #accordingly! "max", forms=c(4,5) #the specified theta point of 1 was for #both forms 4 and 5 only! ) Ex1 <-ata_constraint (Ex1,1, min=10, max=10, forms=c(1,2) ) #Test length f or #forms 1 & 2 Ex1 <-ata_constraint (Ex1,1, min=15, max=15, forms=3) #Test length for f orm #3 Ex1 <-ata_constraint(Ex1,1, min=20, max=20, forms=c(4,5)) #Test length for #forms 4 & 5 #For forms 1 and 2, specify content distributions for content 1, 2, and 3 , #respectively. Ex1 <-ata_constraint(Ex1, "content", min=2, max=2, level=1,forms=c(1,2)) Ex1 <-ata_constraint(Ex1,"content", min=3, max=3, level=2, forms=c(1,2)) Ex1 <-ata_constraint(Ex1, "content", min=5, max=5, level=3,forms=c(1,2)) #For form 3, specify content distributions for content 1, 2, and 3, # respectively. Ex1 <-ata_constraint(Ex1, "content", min=5, max=5, level=1,forms = 3) Ex1 <-ata_constraint(Ex1,"content", min=6, max=6, level=2, forms = 3) Ex1 <-ata_constraint(Ex1, "content", min=4, max=4, level=3,forms = 3) #For forms 4 and 5, specify content distributions for content 1, 2, and 3 , #respectively. Ex1 <-ata_constraint(Ex1, "content", min=4, max=4, level=1,forms=c(4,5)) Ex1 <-ata_constraint(Ex1,"content", min=7, max=7, level=2, forms=c(4,5)) Ex1 <-ata_constraint(Ex1, "content", min=9, max=9, level=3,forms=c(4,5)) #For forms 1 and 2, specify word counts. Ex1 <-ata_constraint(Ex1, "word_count", min=30*10, max=80*10,forms=c(1, 2)) #For form 3, specify word counts. 
297
Ex1 <-ata_constraint(Ex1, "word_count", min=50*10, max=90*10,forms=3) #For forms 4 and 5, specify word counts. Ex1 <-ata_constraint(Ex1, "word_count", min=40*10, max=100*10,forms=c(4 ,5)) #For forms 1 and 2, specify time as seconds. Ex1 <-ata_constraint(Ex1, "time", min=250*10, max=400*10,forms=c(1,2)) #For form 3, specify time as seconds. Ex1 <-ata_constraint(Ex1, "time", min=200*10, max=300*10,forms=3) #For forms 4 and 5, specify time as seconds. Ex1 <-ata_constraint(Ex1, "time", min=200*10, max=400*10,forms=c(4,5)) Ex1 <-ata_solve(Ex1, as.list=T) # Now, solve the ATA Ex1$items #see selected items plot(Ex1) # plotting information function #End #Example 2: maximize the information at the different theta intervals #Pulling five sets of item (5 test forms) #For forms 1 and 2 maximize the information at theta interval of -1.5 to -0.5 #For form 3 maximize the information at theta interval of 0 to 0.5 #For forms 4 and 5 maximize the information at theta interval of 0.5 to 1 .5 #Test length for forms 1 and 2 is 10 (2, 3, 5 items from Contents 1, 2 an d 3, #respectively) #Test length for form 3 is 15 (5, 6, 4 items from Contents 1, 2 and 3, #respectively) #Test length for forms 4 and 5 is 20 (4, 7, 9 items from Contents 1, 2 an d 3, #respectively) #For forms 1 and 2, average word count across the items in the forms is # between 30 and 80 #For form 3, average word count across the items in the forms is between #50 and 90 #For forms 4 and 5, average word count across the items in the forms is #between 20 and 100 #For forms 1 and 2 average time to solve the item is between 200 and 250 #seconds #For form 3 average time to solve the item is between 200 and 300 seconds #For forms 4 and 5 average time to solve the item is between 200 and 400 #seconds Ex2 <-ata(items, 5, max_use=1) Ex2 <-ata_obj_relative (Ex2, seq(-1.5, -0 .5, 0.10), #theta interval of -1.5 #to -0.5 "max", flatten=0.50, forms=c(1,2) #the specified interval is for Form s 1 #and 2. Change accordingly! ) Ex2 <-ata_obj_relative(Ex2, seq(0, 0.5, 0.10), #theta interval of 0 to 0.5 "max", flatten=0.50, forms=3) #the specified interval is for Form 3. #Change accordingly! Ex2 <-ata_obj_relative(Ex2, seq(0.5, 1.5, 0.10), # interval of 0 to 1.5 Ex2,1, min=10, max=10, forms=c(1,2) ) #Test length f or #forms 1 & 2 Ex2 <-ata_constraint(Ex2,1, min=15, max=15, forms=3) #Test length for f orm 3 Ex2 <-ata_constraint(Ex2,1, min=20, max=20, forms=c(4,5) ) #Test length for #forms 4 & 5 #For forms 1 and 2, specify content distributions for content 1, 2, and 3 , #respectively. Ex2 <-ata_constraint(Ex2, "content", min=2, max=2, level=1,forms=c(1,2)) Ex2 <-ata_constraint(Ex2,"content", min=3, max=3, level=2, forms=c(1,2)) Ex2 <-ata_constraint(Ex2, "content", min=5, max=5, level=3,forms=c(1,2)) #For form 3, specify content distributions for content 1, 2, and 3, #respectively. Ex2 <-ata_constraint(Ex2, "content", min=5, max=5, level=1,forms = 3) Ex2 <-ata_constraint(Ex2,"content", min=6, max=6, level=2, forms = 3) Ex2 <-ata_constraint(Ex2, "content", min=4, max=4, level=3,forms = 3) #For forms 4 and 5, specify content distributions for content 1, 2, and 3 , #respectively. Ex2 <-ata_constraint(Ex2, "content", min=4, max=4, level=1,forms=c(4,5)) Ex2 <-ata_constraint(Ex2,"content", min=7, max=7, level=2, forms=c(4,5)) Ex2 <-ata_constraint(Ex2, "content", min=9, max=9, level=3,forms=c(4,5)) #For forms 1 and 2, specify word counts. Ex2 <-ata_constraint(Ex2, "word_count", min=30*10, max=80*10,forms=c(1, 2)) #For form 3, specify word counts. Ex2 <-ata_constraint(Ex2, "word_count", min=50*10, max=90*10,forms=3) #For forms 4 and 5, specify word counts. Ex2 <-ata_constraint(Ex2, "word_count", min=40*10, max=100*10,forms=c(4 ,5)) #For forms 1 and 2, specify time as seconds. Ex2 <-ata_constraint(Ex2, "time", min=250*10, max=400*10,forms=c(1,2)) #For form 3, specify time as seconds. Ex2 <-ata_constraint(Ex2, "time", min=200*10, max=300*10,forms=3) #For forms 4 and 5, specify time as seconds. Ex2 <-ata_constraint(Ex2, "time", min=200*10, max=400*10,forms=c(4,5)) Ex2 <-ata_solve(Ex2, as.list=T) # Now, solve the ATA Ex2$items #see selected items plot(Ex2) # plotting information function #End #Example 3: Specifying different absolute amount of information for diffe rent forms 
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# pulling five sets of item (5 test forms) # for forms 1 and 2 target theta is -1 and target information is 5 # for form 3 target theta is 0 and target information is 10 # for forms 4 and 5 target theta is 1 and target information is 15 # Test length for forms 1 and 2 is 10 (2, 3, 5 items from Contents 1, 2 a nd 3#respectively) #Test length for form 3 is 15 (5, 6, 4 items from Contents 1, 2 and 3, #respectively) #Test length for forms 4 and 5 is 20 (4, 7, 9 items from Contents 1, 2 an d 3, #respectively) #For forms 1 and 2, average word count across the items in the forms is #between 30 and 80 #For form 3, average word count across the items in the forms is between 50 #and 90 #For forms 4 and 5, average word count across the items in the forms is #between 20 and 100 #For forms 1 and 2 average time to solve the item is between 200 and 250 #seconds #For form 3 average time to solve the item is between 200 and 300 seconds #For forms 4 and 5 average time to solve the item is between 200 and 400 theta_target1=-1 #theta point (or it can be interval) where you want the #absolute information. theta_target2=0 #theta point (or it can be interval) where you want the # absolute information. theta_target3=1 #theta point (or it can be interval) where you want the a bsolute information. tif_target1= 5 #The amount of information for forms 1 and 2. Change #accordingly! tif_target2= 10 #The amount of information for form 3. Change accordingly ! tif_target3= 15 #The amount of information for forms 4 and 5. Change #accordingly! Ex3 <-ata(items, 5, #we are building 5 forms at the same time. Change #accordingly! max_use=1) #we don't want item overlapping. Change accordingly ! #Specify ATA for forms 1&2 Ex3 <-ata_obj_absolute(Ex3, theta_target1, tif_target1, forms = c(1,2) ) #Specify ATA for forms 3 Ex3 <-ata_obj_absolute(Ex3, theta_target2, tif_target2, forms = 3) #Specify ATA for forms 4&5 Ex3 <-ata_obj_absolute(Ex3, theta_target3, tif_target3, forms = c(4,5)) Ex3 <-ata_constraint (Ex3,1, min=10, max=10, forms=c(1,2) ) #Test length f orms #1&2 Ex3 <-ata_constraint(Ex3,1, min=15, max=15, forms=3) #Test length forms 3 Ex3 <-ata_constraint(Ex3,1, min=20, max=20, forms=c(4,5)) #Test length #forms 4&5 #For forms 1 and 2, specify content distributions for content 1, 2, and 3 , # respectively. Ex3 <-ata_constraint(Ex3, "content", min=2, max=2, level=1,forms=c(1,2)) 
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Ex3 <-ata_constraint(Ex3,"content", min=3, max=3, level=2, forms=c(1,2)) Ex3 <-ata_constraint(Ex3, "content", min=5, max=5, level=3,forms=c(1,2)) #For form 3, specify content distributions for content 1, 2, and 3, #respectively. Ex3 <-ata_constraint(Ex3, "content", min=5, max=5, level=1,forms = 3) Ex3 <-ata_constraint(Ex3,"content", min=6, max=6, level=2, forms = 3) Ex3 <-ata_constraint(Ex3, "content", min=4, max=4, level=3,forms = 3) #For forms 4 and 5, specify content distributions for content 1, 2, and 3 , #respectively. Ex3 <-ata_constraint(Ex3, "content", min=4, max=4, level=1,forms=c(4,5)) Ex3 <-ata_constraint(Ex3,"content", min=7, max=7, level=2, forms=c(4,5)) Ex3 <-ata_constraint(Ex3, "content", min=9, max=9, level=3,forms=c(4,5)) #For forms 1 and 2, specify word counts. Ex3 <-ata_constraint(Ex3, "word_count", min=30*10, max=80*10,forms=c(1, 2)) #For form 3, specify word counts. Ex3 <-ata_constraint(Ex3, "word_count", min=50*10, max=90*10,forms=3) #For forms 4 and 5, specify word counts. Ex3 <-ata_constraint(Ex3, "word_count", min=40*10, max=100*10,forms=c(4 ,5)) #For forms 1 and 2, specify time as seconds. Ex3 <-ata_constraint(Ex3, "time", min=250*10, max=400*10,forms=c(1,2)) #For form 3, specify time as seconds. Ex3 <-ata_constraint(Ex3, "time", min=200*10, max=300*10,forms=3) #For forms 4 and 5, specify time as seconds. Ex3 <-ata_constraint(Ex3, "time", min=200*10, max=400*10,forms=c(4,5)) Ex3 <-ata_solve(Ex3, as.list=T) #Now, let's solve the ATA! Ex3$items #see selected items plot ( 
